umn (3.5 mm, 2.1ϫ50 mm, Waters), protected by a SunFire C 18 Guard Column.
Chromatographic and Mass Spectrometric Conditions
The mobile phase was a mixture of 0.3% trifluoroacetic acid (A), 100% acetonitrile (B) and 100 mM ammonium acetate (C). An isocratic mobile phase consisting of A-B-C (95 : 0 : 5) was used during the first 3 min of the run, followed by a linear gradient elution consisting of A-B-C (45 : 50 : 5) for the next 5 min. Then, the system was reequilibrated for an additional 12 min using the initial conditions. The flow rate of the mobile phase was 0.2 ml/min, the column temperature was 40°C and the amount of injected sample was 5 ml.
The mass spectrometer was operated in positive ion electrospray mode. The capillary sprayer voltage was 3.5 kV and the sample cone voltage was 30 V for both tenofovir and atenolol. The source temperature was 120°C and the desolvation temperature was 350°C. The desolvation and cone gas flow-rates were set to 600 and 50 l/h, respectively. The acquisition mass range is m/z 100-700 at 0.5 s per scan with a 0.1 s interscan delay. All mass spectra are acquired in centroid mode.
Quantitative analysis, carried out in Selected-ion recording (SIR) mode, detected tenofovir at m/z 288, and the internal standard (IS), atenolol, at m/z 267, all in the form of ions. The quantitation calculations were performed using analytical software, MassLynx version 4.0 (Waters).
Standard Solutions Stock solutions of tenofovir and atenolol were prepared by dissolving accurately weighed amounts of each reference compound in water/ethanol (50 : 50, v/v) to yield concentrations of 188.0 mg/ml for tenofovir, and 48.1 mg/ml for atenolol. These stock solutions were stored at Ϫ80°C and thawed on the day of analysis. The stock solution was diluted in drug-free plasma to yield tenofovir concentrations of 0.019, 0.094, 0.313, 0.940 and 1.567 mg/ml.
Sample Preparation Twenty microliters of IS solution (atenolol 48.1 mg/ml) and 200 ml of 1 N HCl were added to a 500 ml plasma sample prepared from peripheral blood antico- 
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Masaaki TAKAHASHI, a,b Yuichi KUDAKA, a Naoya OKUMURA, a,b Atsushi HIRANO, agulated with heparin. After vortexing briefly, 2 ml of 100% acetnitrile was added to the mixture. The mixture was vortexed again and then centrifuged at 3500 g for 5 min. The upper layer was separated and evaporated dry. The dried material was then dissolved in 100 ml of a mobile phase solution and centrifuged at 13000 g for 5 min. Lastly, 5 ml of the upper solution was injected into the LC-MS system. The institutional review board of National Hospital Organization Nagoya Medical Center approved this study and each subject provided written informed consent.
Validation Inter-and intraday precision values using this method were estimated by assaying control plasma containing five different concentrations of tenofovir five times on the same day and on three separate days to obtain the relative standard deviation (RSD). Accuracy was determined as the percentage of the nominal concentration. To assess the absolute recoveries of tenofovir extracted from plasma, the peak area ratios of the analytes to the internal standard were compared with those obtained from the mobile phase having the same concentration. The mean recoveries were determined in three replicates. Figures 1A and B show selected-ion recording chromatograms obtained from a spiked plasma sample containing 0.94 mg/ml of tenofovir and 1.85 mg/ml of atenolol (IS). Under the described chromatographic conditions, retention times were 4.4 min for tenofovir and 9.9 min for atenolol. Figures 1C and D show chromatograms obtained from a blank plasma sample. Assays performed on drug-free human plasma succeeded to show no interfering peaks during the interested intervals of the retention times. Figure 1D is the expanded figure of a circled part of Fig. 1B . These peaks did not affect on the quantification of IS. Figures 1E and F show chromatogram of a plasma sample from an HIV-1-infected patient treated with tenofovir. There were no interfering peaks affecting quantification of tenofovir in this chromatogram. Anticoagulants of heparin, EDTA and ACD did not hinder the selected-ion recording chromatograms for tenofovir and atenolol.
RESULTS

LC-MS Chromatograms
Validation: Linearity, Precision, Accuracy and Recovery Calibration curves of tenofovir appeared linear in the concentration range of 0.019 to 1.567 mg/ml with a correlation of 1.000.
Precision, accuracy, and recovery of our LC-MS method are shown in Table 1 . The selected concentration of tenofovir covers the expected plasma concentrations found in the patients. The RSDs calculated for tenofovir in the inter-and intraday assays ranged from 1.5 to 11.3%, which are similar to or much lower than previously reported values.
11-16) Accuracies ranged from 95.9 to 102.7%. Recoveries from plasma ranged from 80.2 to 95.2%. These results indicate this method achieves a high degree of reproducibility and accuracy.
Tenofovir Concentrations in Plasma Plasma tenofovir concentrations in an HIV-1-infected patient are shown in Table 2 . The patient received oral administration of 300 mg tenofovir daily. These concentrations were similar to those reported previously. 11, 12, 17) DISCUSSION Prior to this study we tried to determine tenofovir plasma concentrations using a previously described HPLC method.
12) However, we could not identify and quantify tenofovir peaks on chromatograms of plasma sample due to interfering peaks. Thus, we developed a more sensitive method. Until now there have been some methodological reports for the determination of tenofovir using LC-MS-MS. 14, 15) However, these methods have several disadvantages in terms of cost performance, time consumption and essential equipment; for example, the authors used expensive disposable cartridges at the solid-phase drug extraction and/or the setting of the LC-MS-MS equipment.
To avoid such disadvantages we decided to use a LC-MS method. Validation showed our method was successful in measuring plasma tenofovir with high precision and satisfactory RSD values. The tenofovir calibration curve was linear in the concentration range of 0.019 to 1.567 mg/ml and the average accuracy ranged from 95.9 to 100.7%. Both interand intraday RSDs for tenofovir were less than 11.6%, which is similar to or much lower than previously reported values. [11] [12] [13] [14] [15] [16] Recovery of tenofovir was more than 80.2%. These results indicate our newly developed method achieves a high degree of reproducibility and accuracy. As plasma concentrations of tenofovir are expected in the 0.05 to 0.40 mg/ml range when tenofovir is administered at the recommended dose, 4, 17) our method successfully covers this region with good precision and accuracy. Actually, plasma tenofovir concentrations after oral administration of 300 mg to an HIV-1-infected patient were in this range.
This conventional LC-MS method can provide a routine clinical application, and permits management of drug interactions and toxicity. 
